Background
Introduction
The global medical device market has a value of more than US$150 billion, with the US, Europe, and Japan having more than 65% of the market share [1] . Many medical devices are approved and marketed every year. Many clinical studies of medical devices are conducted in the pre-and postmarketing settings. The main objective of premarketing clinical studies is the approval for marketing. The study design and results are not necessarily matched with real world clinical outcomes because studies are conducted among limited doctors and patients because of time and cost constraints in premarketing settings. Thus, in the premarketing setting, evaluating the actual effectiveness and safety of medical devices is difficult [2, 3] . In contrast, after marketing, additional clinical studies are conducted with a larger number of physicians and patients. The analysis of postmarketing data enables evaluation of the effectiveness and safety of medical devices in real world clinical situations.
In recent years, postmarketing data has received more attention and several studies have been conducted [4] [5] [6] . Postmarketing surveillance complements the limited premarketing evaluation [4] . For constructing future fast approval systems, evaluation of the postmarketing data is considered to be one of the most important issues. Improvement in postmarketing systems will compensate for the lack of data on premarketing safety outcomes [5] . Systematic postmarketing data collection will provide the actual outcomes for clinicians [6] . However, these studies are limited with regards to collecting postmarketing data. To our knowledge, there are no studies to compare the effectiveness and safety of the pre-and postmarketing settings. Therefore, the aim of this study was to investigate the importance of the postmarketing data analysis using clinical data.
Materials and Methods

Selection of a research object
In this study, the capsule endoscope was selected because the amount of comparative study data in the pre-and postmarketing settings is rich for the capsule endoscope because it was initially approved as an unprecedented device in the Class II medical device classification and many clinical studies have been conducted. This device was developed for the detection of obscure gastrointestinal bleeding (OGIB). The dimension of this device is 27 × 11 mm and a CMOS camera and light-emitting diode (LED) illumination are located in front of the capsule. The capsule is propelled through the digestive tract via peristalsis, capturing approximately 60,000 digital images; it is excreted naturally in approximately 6 hours [7] . In the use of the flexible endoscope, patients are generally sedated in Europe and the US, but not sedated in Japan. The "bowel cleaning" process is required for both capsule and flexible endoscopy.
Effectiveness
Literature search and study selection. The evaluation outcome for effectiveness was the diagnostic yield of obscure gastrointestinal bleeding (OGIB) comparing the capsule endoscopy and conventional flexible endoscopy. Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [8] for meta-analyses, a literature search was performed for English articles published before October 10, 2015 using PubMed (MEDLINE), Cochrane Library, EMBASE and Web of Science. The initial search was performed by one reviewer (K. Iijima). The search keywords used were: "capsule endoscopy", "capsule endoscope", "PillCam", and "M2M" in article titles (GIVEN Imaging Co. Ltd, premarketing: M2M, postmarketing: PillCam). To prevent missing potentially relevant studies, the initial search was not limited to OGIB. After the initial search, one reviewer (K. Iijima) screened all of the abstracts. The studies were divided into the premarketing and postmarketing groups based on the study period. The inclusion criterion was that the study compared capsule endoscopy and conventional flexible endoscopy in the same patients with OGIB. The exclusion criteria were studies without a focused diagnosis, OGIB detection, and non-comparative studies. Studies overlapping the pre-and postmarketing period were excluded. Studies comparing OGIB detection between capsule endoscopy and flexible endoscopy with different patients were excluded. Case studies, reviews, meta-analyses, and systematic reviews were also excluded. The studies selected were reviewed as full texts and independently assessed by two reviewers (K. Iijima and K. Iwasaki); any disagreement was resolved by consensus. We did not contact the authors of the original studies.
Quality assessment. In the present study, we evaluated the quality of the selected research studies using the Standards for Reporting of Diagnostic Accuracy (STARD) guidelines, which consisted of 25 items. Each paper was scored one point per item, and the total score was calculated. The quality of each study was assessed based on components of the Cochrane risk of bias tool [9] . All risk of bias assessments were conducted by two reviewers (K. Iijima and K. Iwasaki) and any disagreement was resolved by consensus. Data extraction and analysis. The odds ratio of the diagnostic yield was examined as a measure of the outcome to compare the effectiveness between capsule endoscopy and conventional flexible endoscopy. In the selected study, the number of patients diagnosed with OGIB and the total number of patients who received capsule endoscopy or conventional flexible endoscopy were examined. Meta-analysis was performed with the Review Manager software (Review Manager version 5.2, The Cochrane Collaboration). The pooled data were weighted using the Mantel-Haenszel method. The random effects model was selected to calculate the estimated odds ratio and 95% confidence intervals (95%CI). The heterogeneity of the studies was assessed using the I 2 test. Values of 0-25%, 25-50%, 50-75% and >75% were considered to represent low, moderate, high and very high diverseness, respectively [10] . The cumulative odds ratio and heterogeneity of the studies was calculated year-by-year. The data including and excluding the premarketing settings were analyzed. The subgroup analyses of the regional difference of studies were conducted by dividing studies into the two groups: (1) Europe (EU)/ North America (US) and (2) Japan. Analysis of heterogeneity. Each study from a total of 8 postmarketing studies was excluded from the meta-analysis one-by-one, and the corresponding heterogeneity was calculated.
Safety
In order to evaluate changes in the safety of capsule endoscopy, we focused on the incidence of capsule endoscope retention in the body, which is reported to be the most frequently encountered adverse event in clinical cases. We compared data of the retention in the US, EU and Japan using several data sources (premarketing: Approval report of GIVEN Imaging capsule endoscope [11] and a published article [12] ; postmarketing: Approval report of GIVEN Imaging capsule endoscope [11] and data of adverse events from the Ministry of Health, Labour and Welfare of Japan [13] ). Both pre-and postmarketing data were available from the same data source in Japan. However, premarketing data in the US and EU and postmarketing data of EU were not available. The postmarketing data were investigated using the data of the postmarketing surveillance system (PMS) in the US and Japan.
Results
Effectiveness
Analysis of research papers. The selection process of the included studies is shown in Fig  2. On the initial search, 50 premarketing and 203 postmarketing studies were extracted. Studies not related to diagnosis (premarketing, 39 studies, postmarketing, 65 studies) were excluded. Studies not related to OGIB detection (premarketing, 5 studies and postmarketing, 91 studies) were excluded. Non-comparative studies (premarketing, 2 studies and postmarketing, 36 studies) were excluded. One study that overlapped between the pre-and postmarketing period was excluded. Two studies that compared OGIB detection between capsule endoscopy and flexible endoscopy in different patients were excluded. Finally, 4 premarketing and 8 postmarketing studies were included in the meta-analysis [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] .
The detailed data and quality assessment of the STARD score are shown in Table 1 . Cochrane risk of bias summary is shown in Table 2 . The mean STARD score was 16.0. The risk of bias was marked using the Index test and Reference standard. The countries in which the premarketing studies were performed were the US, Germany, and UK. The postmarketing studies were performed in the US, Italy, the Netherlands, and Japan. In particular, the number of postmarketing studies in Japan has increased over time. The number of patients tended to increase in the postmarketing setting. The odds ratio showed a decreasing trend (Fig 4A) and heterogeneity showed an increasing trend with time ( Fig  4B) . Moreover, both the odds ratio and heterogeneity including the premarketing setting increased compared to the data excluding the premarketing setting. The postmarketing odds ratio in all countries decreased compared to the premarketing data. In the postmarketing setting, the odds ratio decreased in Japan and increased in the EU/US. In Japan in 2009, as the odds ratio decreased to less than one, flexible endoscopy became more effective than the capsule endoscopy.
Analysis of heterogeneity. The results of the heterogeneity analysis are shown in Table 3 . The data from Marmo et al [22] in particular caused an increase in heterogeneity. When the 
Safety
Data of the retention of the capsule endoscope in the body were examined using the approval summary and published articles [11] [12] [13] . The premarketing values were 7.7% (Japan) [11] and 0.75% [12] (worldwide), and the postmarketing values were 4.6% (Japan) [13] and 0.095% (US) [13] . We found a large difference in the incidence of retention between Japan, worldwide, and the US. The incidence of retention in Japan tended to decrease in the postmarketing setting.
The results of the incidence of retention by using the database of the Ministry of Health, Labour and Welfare of Japan from October 2007 to September 2013 showed that the main adverse events were endoscope retention (70 cases), aspiration (11 cases), intestinal obstruction (6 cases), perforation (3 cases), and device failure (1 case).
Discussion
Effectiveness
Comparative effectiveness of capsule versus flexible endoscopy in the pre-and postmarketing settings. The effectiveness of capsule versus flexible endoscopy with respect to the OGIB detection was higher in the premarketing setting and decreased in the postmarketing setting. We examined percentages of OGIB detection of capsule and flexible endoscopy. The average diagnostic yield of the capsule endoscopy did not change between the pre-and postmarketing settings (premarketing, 66.3% (95% CI: 52.4%-80.0%); postmarketing, 64.0% (95% CI: 48.7%-79.3%), P = 0.83, t-test), while the diagnostic yield of the flexible endoscopy in the postmarketing setting increased (premarketing, 27.8% (95% CI: 20.1%-35.3%), postmarketing, 56.0% (95% CI: 47.9%-64.0%), P < 0.001, t-test). These data indicated that the efficacy of capsule endoscopy with respect to the detection of OGIB has been preserved between pre-and postmarketing settings, and the detection of OGIB of flexible endoscope has been improved in the postmarketing setting.
Potential factors affecting comparative effectiveness of capsule versus flexible endoscopy between the pre-and postmarketing settings. The odds ratio for the effectiveness of capsule endoscopy against flexible endoscopy significantly decreased in the postmarketing setting compared to the premarketing setting. The change may be explained by several factors beyond marketing approval. The type of flexible endoscope used differed between the pre-and postmarketing settings. In the premarketing studies, a push endoscope was available; whereas in the postmarketing studies, a double-balloon endoscope (Fujifilm Co. Ltd) was used because it was approved in 2004 in the US, and in 2003 in Japan. Japanese studies indicated that compared to the push endoscope, the double-balloon endoscope could be inserted deeper into the small intestine [26, 27] . Therefore, the detection ratio with flexible endoscopy might have increased due to the introduction of the double-balloon endoscope. As shown in Table 1 , 4 studies were conducted in EU and US in premarketing settings, and none in Japan. In contrast, 5 of 8 postmarketing studies were conducted in Japan. This might be because capsule endoscopy was antecedently developed in the EU/US and the flexible endoscope and double-balloon endoscope was developed in Japan and evaluated by many Japanese physicians. This regional difference might affect the odd ratios between the EU/US and Japan in the postmarketing setting (Fig 4C) . The odds ratio of the Japanese group was lower than that of the EU/US group. Double-balloon endoscopy requires the skill of insertion, which is considered to be one of the strengths of Japanese endoscopy physicians. This may have affected the results of flexible endoscopy in the Japanese group in the postmarketing setting. The odds ratio associated with the EU/US was higher in 2009 than that in 2006. However, the tendency was not clear because only two-data-points were available.
Time series meta-analysis of postmarketing data. To our knowledge, no meta-analysis has been conducted according to the timeline of development. It is a standard approach to analyze all of the selected studies, regardless of the pre-or postmarketing nature. As shown in Fig  4A, even if the identical postmarketing data were used for the meta-analysis, the odds ratio and heterogeneity were estimated to be higher by including the premarketing data. This result implies the importance of excluding the premarketing data when the meta-analysis is performed with the aim of evaluating the real-world postmarketing situation. As shown in Fig 4C, the odds ratio of the Japanese study group changed with time. Heterogeneity sensitivity analysis. The heterogeneity sensitivity analysis showed that the data from Marmo et al affected the distinct increase in heterogeneity. That study was by far the largest in the postmarketing group. In an attempt to speculate potential reasons for the increased heterogeneity by Marmo et al, we examined papers published by all authors including co-authors of the 8 postmarketing studies using PubMed (MEDLINE). A total of 2069 (2012), and this difference in the timing of approval might have caused the regional difference in retention of capsule endoscopy in the postmarketing setting between the US and Japan.
In terms of the change in retention ratio between the pre-and postmarketing settings, there could be several reasons for the differences in capsule endoscopic retention ratio between the US and Japan. In the US, capsule endoscopy was approved for use in patients with Crohn's disease. However, in Japan, the device has been approved for use in patients without Crohn's disease. The approval condition in Japan might have worked well for the decrease in the retention ratio from the pre-to the postmarketing setting. The reason for the decrease in the US postmarketing setting might be caused by the circumspect use of the capsule endoscope along with the combined use of the patency capsule.
Current status of safety data in the postmarketing setting. In the present study, we compare the safety of capsule endoscopy with respect to the incidence of endoscopic retention between the pre-and postmarketing settings in Japan because the data for both settings were available in the Approval [11] and Reevaluation reports [13] . The reevaluation system is unique to Japan and detailed postmarketing data are available in the reevaluation report. In addition, we obtained the postmarketing surveillance data of the US from these official documents in Japan, which are normally difficult to acquire.
Regarding the pre-and postmarketing data, in Japan, the Approval report and Reevaluation report are open-access official documents. In the US, the Approval report was open-access as the Approval Letter or Summary, but detailed data could not be obtained even under the Freedom of Information Act. We could obtain similar data limited to premarket approval application-approved devices and could not obtain data for the devices with 510(k) clearances. In the European Union, the detailed data are not open-access because of the self-certification system by the Notified Body, known as the CE marking.
Regarding the postmarketing data, there are no regional differences in the adverse event reporting system. However, in Japan, the Ministry of Health, Labour and Welfare constantly compiles incidence data and publishes a yearly summary report. In terms of information transparency, the Japanese system is active in disclosing information and provides favorable conditions for obtaining and examining postmarketing data.
Limitations
This study has some limitations. First, 7 of the 12 studies were non-blinded where the same physician performed both capsule and flexible endoscopy. Second, publication bias might have affected the decreasing trend of the odds ratio. Third, this study was limited to capsule endoscopy.
Conclusions
The findings of the present study indicated that efficacy of capsule endoscopy, in terms of OGIB detection, did not change between the pre-and the postmarketing settings. Meanwhile, the efficacy of flexible endoscopy increased possibly because of improvements in the postmarketing setting. Thus, the effectiveness of capsule endoscopy versus flexible endoscopy showed a decrease from the pre-to the postmarketing settings. The present study also indicated that, in terms of retention ratio, the safety of capsule endoscopy increased from that during the pre-to that during the postmarketing settings. This might have been a consequence of the approval condition and introduction of the patency capsule to pre-investigate the potential safety of capsule endoscopy before its use in each patient. This study implied that the effectiveness and safety of the medical device, in comparison with the control, may change between the pre-and postmarketing settings because of evolving test and/or control groups, possibly geographically varying physician experience, and the different approval times and approval conditions in different nations. Time series meta-analysis might be useful to continuously monitor the effectiveness of the medical device compared with the control. Further studies for other, various types of medical devices will contribute to our understanding of important factors that influence the benefit-risk balance of medical devices in real-world clinical practices. 
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